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FORMING A WELL^ORE CASING 
i Baclcground of the Invwition 
Tlus inventicm relates geneirfly to fo^^ 

Qmvaitionally. viien a wellbore is acated, a number of casings are installed 
6 in the borehole to prevent coUq)se of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from flie formation into 
Aeb(^hole. The boreMe i^ 

iisf^ied in a lower borehoje interval is low^ed through a previously installed 
casihg of an upper borehole interval As a 

10 ofthe lower interval is ofsmallerdiaineter than the casing of the upper 

Thus, the casings are in a nested anangement with casing diameters decreasm^ 
downward direction. Cement annuli are provided between the outer surface of the 
casings and Ae borehole wall to seal the casings froni the borehole wall As a 
consequence of this nested arrangement a relatively large borehole diameta- is . 

1 5 r^ired at the upper part of the wellbore. Such a laige borchole diameter involyes 
increased costs due to heavy casing handlmg eqiiii^^ 
incrwsed Volumes of driUin^^ M<»eover, mcreaseddriIlte^ 

rig tim^ is involved due to rcqiifa^d cement pu^ 
equipment changes due to lar^ variations in hole diameters drill^ 

20: the well, and the large volunie of cuttings driUed and renlov^^ 
The ]wesent invention is directed to overcoinmg^^^ 
limitations of the existing procediues for forming wellborcSi > ; ; . : 

Sunmiary of the Iiivwition ; 
.25 According to the present invention there is provided an apparatus for forming a 

. wdlbore casing in a IxM'ehole in a subterrahean^ f^ 
means for radiaUy e35)anding a^ 
ihembenand. .• 

means for injecting a ha«^ Auidic sealing rxiaterial into an anilulus 
30 between the expandable tubuia^^ 



wherdn the means for injecdng a bardenable fluidic sealing mtcrial into an 
anniilus between the expandable tubular member and the borehole, coiiqmscs a ^ ^ 
sliding sleeve valve. 

According to another aspect of flie present invention there is proyid^ an . 
5 ^aratusf(»'coiq>ling{ui expandable tub^^ 

. "■■ _ comprismgr. . -\ : 'ii- 

means for ladiilly expanding and plastically deforming flie ^xp^ 
mcmbCT wtihin the pre<^ 

means for injecting a haidenable fluidic sealing matCTial into an annulus 
10 between the expandable tubular member and the preeexisting structure; 

wherein the means for injecting a hardenable fluidic sealing material into an annulus 
between the expandable tubular member and the preexisting structure, conq>rises a 

sliding sleeve valve. 
'. Briefbescription of flie Drawings 

15 Figs. 1 and 1 a-1 c are brpss sectional illustrations of a liner hanger assembly; .. 

including a sliding sleeve valve assembly. : ; 

Figs. 2a-2b is a flow chart illustration of a method for fpiining a wellbote ; 
casing using tiie linCT hanger assembly of Figs. 1 and lihlCi 

Figs. 3a-3c iare cross sectional illustratiotu of the placetnent of flie liner 
20 hanger assembly of Figs. 1 and la-lc into a wellbore. 

Figs; 4ar4c are cross sectional illustrations of the. injection of fluidic 
materials into the liner hanger assciA 

Figs. 5a-5c are cross sectional illustrations of the ptaoement of a bottom pli^ : 
into the liner iiaiigcr assembly of Figs. 4a-4c. 
25 ' Fi^. 6a-6carecro^settiond 

sliding isleeve of the lin^ . . 

vFigs. 7a-7c are ch)^ sectional jl^ 
fluiiics^sO^ 
■ • 'v>'Aeplug.-' 
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Figs. 8a-8c are croiss sectional illustrations of the placement of a top plug jntb 
the lind* hangCT assembly of Figs. 7a-7c. ^ ^ . 

- Figs. 9a-9c are cross sectiohalillustrations of the upw^^ . 
sliding sl^ve of tte linCT Jiangs 

Figs. lOa-lOc are cross sectiond illustraticms of the m^^ 
fluidic matenal into tiie liner hanger assembly of Figs. 9a-9c in order to radially 
expand a^d plastically def(OTn expansion cone launcher. 

Figs, lia-1 lb is a flow chart illustr^ 
casing using the ImCT hanger asse^ ' - ^ 

Figs. 12a-12c are cross sectional illustrations of the injection of a pressurized 
fluidic material into the liner hangw* assembly of Figs. 5a-5c in order to at least 
partially radially expand and plastically deform the expansion cone launcher*' ; 

Figs. 13a-13c are CTOss sectional illustrations of the ^d^ 
ofAe.siiding sleeve ofthe liner hanger assembly of Figs. 12a!^12c. -^^ 

Figs. I4ar l4c are cross sectiond iUustiations of the injection 
fluidic sedingiratcrial to I3a-13a;^^ V • >^ 

Figs. I Sa^^rSc are cross sectional illustrations of the in^^ 
bfia tbp plug into the liner hahgerassenabl^^^ • - 

Fij^^ 16a-16c.arc.cross sectional illustrations of the iq>ward displacement of; 
the didingsl^veoflhe liner hmger assembly of F^ . . 

Figs. 17a?17c are cross siectional illustrations of the inje^ 
fluidic material into Aelinor h^ 16a*16cinorderto complcfte 

die i;adiM expansion of the expansi 

Figs. 18, 18a, 1 8b> and 18c are cross sectional illustrations of a liner hanger ' 
assembly including a sUdtog sleeve^^^ 

Fi^. 19ai-i9b is a flow chart illustration of a method for fonning a ^eiDbore^.^^^ 
casing using ^^^^^^ IS aiidl i8a-18c. 

; of the liner 

hanger assenibly of Fi^^ . ^ / : 



Figs. 21 a^21c are cross sedional illustrations of the injectii^ 
. materials into the liner hanger assembly 

Figs. 22a-22c are cross sectional illustrations of 
plug into the iino- hanger assembly of Figs. 2 1 a-2 1 c. 
5 Figs. 23a»23c are cross sectional illustrsUicHis of Oe downward displacement 

. of siidmg sleeve of th^ 

Figs. 24aT24c iare CTOSS sectional illustrations of the injection of a hardenable 



; r ^ the bottom plug. .' 

. 10 Figs. 2Sa-25c are cross sectiimal illustrations of the placement of a top plug 

into the liner hanger assembly of Figs. 24a-24c. 

Figs. 26a-26c are cross sectional illustrations of the upward displacement of 
sliding sleeve of the liner hanger assembly of Figs. 25a-25c. 

Figs. 27a-27c are cross sectional illustrations of the injection of a pressuiized 
15 fluidic material mto thie liner haiiger assembly of Figs. 26a-26c in order to radially , 
expand and plastically defonn the e7q>ansi^ 

. . Figs. 28ar28b is a flow chart ^lustia^ me&od for forming a wellbpre 
casing using the liner ha^ IS and 18a-I8c, 

Figs. 29a*29c are cross sectional illustrations of the injection of a pressurized 
20: iluidic material iiito the.lin^ liianger assembly of Figs. 22a-22c in order to at least 
. partially radially expand and plastically deform the expansion cone launcher^ ; 
Fig^. 30ar30c are dn)ss sectional illustra 
of the sliding sleeve of tte liner 1^ 

, ; Figs. 31a-3lc.im cross sectional in^ 
25 • iluidic sealing iri^ 

Figs. 32a-32c are cm^ of the ihjecticm and placement : 

of a top plug into the iinor hanger assembly of Figs. 31a-31c. 
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the sUding sleeve of itbe liner hanger assembly of Figs. 32a-32a 
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Figs: 34a04c are CTOss sectional illustrati 
fluidic material mto the liner hanger assemW^ 
the radial expansion of the . expansiwi cone launcher. 

5 Detailed Description - 

A imer hanger assennbly having a sliding sleeve by^ 

Theliner hanger assembly provides a method ah^^ ' 

a welUwre casing, a pipeline or a structural siq)port^^^^v^^^^^ " ^ 

Referring initially to Figs, i, la, lb, an^^ 
10 includes a first tubular support member 12 defining an in^ 

includes a threaded counterbore 12b at one end, and a threaded counteibore 12c at . 

another end, A second tubular support meniber 14 defining an internal passajge 14a 

includes a first flireaded portion 14b at a first end that is w 

counterbore 12c of the first tubul«siq?^ 
15 counterbore 14d, a threaded portion 14e,aiKl internal splm^ 

The stqjpcd flange 14c oftheseomd tubular support incnib^ . 

radial passages 14g, 14h, 14i, and 14j\ A tf^nd tubular support mcnibear 16 defining : • 

ah internal passage 16a for receiving the ssecond 14nK5lwlcs -**»|i ; 

a first flange 16b, a second flange 16c, a first^^ 
20 16e haviiig aii internally threaded portion i6f, juid an intonal flange 16g. The 

second flange liSc further incluctes radial passages 16 

An annular expansion cone 1 8 defining an internal passage 1 8a for receiving . 

the second arid third tubular support members, 14 and 16, includes a couiiterbore 

1 8b at one end, and a counterbore 18c at another end for receiving the flange 16b of 
25 the second tub^ular support memb«^ 16. The aimular expzmsi 

includes an end face 1 8d that niates Avith ^ 

second feibuliff support niember 16, 

shape in <wrdCT to facilitate theradial.expansion of tubular menib^. A tubular , 
expansion cone launcher 20 is m^ 
30 , expansion cone 1 $ and includes a fi^^ 



second portion 20b having a second wall thickhess, a threaded portion 20c at one 

^d, and a threaded pit^dn 
esqpansioh cone launcher 20 mates with die coiucd^^ 
expansion cone J8, The second wall thickness is less than tfie; first wall thickness in 

Telatiye axiaV displacement of thfe c^^ cone 18.; One or more expandable — 
tubuiai^ are coupled to tiie^d^^ expansion cone launcher 

20. in tMs liiaim may be used tp racfially Expand and plasti 

deform* for example^ Ihousa^ expandable tubular^- 

An annular spacer 22 defining an internal passage 22a for receiving the 
second tubular support membCT 14 is received within the counterbpre 18b of the 
expansion cone 18, and is positioned between an end face 12d of the first tubular 
support member 12 and an end face of the counterbore 18b of the expansion cone 
18. A fourth tubuliu- si^Jport member 24 defi^ 

receiving tile second tubular support member 14 includes a flange 24b l3xst is 
received within die anmteibore 16d of the third tubular support member.l6. A fifffi 
tubular support mcnfl)CT 26 defining an intCTnal passaige 26a fOT teoeiying the second 
tiibulfflr siq>port mcmbCT 14 includes an int^al flange 26b for matmg with the 
flange ,14c of the secmd tubular support member and a flange 266 for mating with 




An annular sealing member 28» an annular sealmg and support meioiber 30,' 
an annular seiding number 32» and an annular sealing ahid support member 34 are . . 
received within the cpiinterbore 14d of jdie second tububr support inend)ear 14. The 
annular sealing and siqiport member SO.fiirther mcludes a radial opening 30a[ for 
isupportinganq^ 

support member 14 and a seeing memb^ flie radial opening 14h of 

second The annular and support inember 34 

iiirAerim^^ 

a^^^ of the second tubidar ^uppcnt mm The rupture disc 36 

bpens when t^^ opemng 30b is about 6,894.745 



to 34,473.724 KPa (1000 to 5000 psi). In this manner, the rupture disc 36 provides a 

pressure sensitive valve for controlling the flow of fluidic materials through the 

radial opening 30a. Alternatively, the assembly 10 includes a pluraHty of radial 

passages 30a, each with corresponding rupture discs 36^^ 
5 A sixth tubular siqjport member 38 defining an internal passage 38a for 

receiving the second tubular support member 14 includes a threaded portion 38b at 

one end that is coupled to the threaded p^^ 

member 16 and a flange 38c atmK^^ 

the e)g>ansion cone launcher 20. A^ 
10 40a that is coupled to the threaded portion l4e of the second tiibular support member 

14, and a resilient coupling 40b at another end. 

: An annular sliding sleeve 42 defNng im internal pa^ 

intend flange 42b, having sealinfr^ 

42e for releasably engagingthe couplmg 4(» of 

15 interna flange 42f, having sealing mci^ 
opcnition the couplmg 40b of the coUet 40 
file slidnig sleeve 42 and fliereby displace tl^^ 

Cdiiection: Sinos ft^ coupling 40b of the coUet 40 is resiKent, t^ie 66Uct 40 may be 

disen^ged or reengaged wth the sliding sleeve 
20 defining an internal passa©? 44a, having a first throat 44aa and a second throat 44ab, 

includes a flange 44b at <me end, having external splines 44c for engaging the . 

inteqial splines 14f of the second tubular support member 14, a first set of radial 

passages, 44da and 44db, a second set of radial passages, 44ea and 44eb, and a 

threaded pOTtion44fatanoAer end. The shding sleeve 42 and the valve member 44 
25 define an annular bypass passage 46 that. dcp«iding upwi the position of the slid ing 

steeve42, permits fluidic inaterials to flow from thepass^ first 
^^^^ ^ -r^^ 44da and 44db,thebypa^ pas^g^4ti; aiid^e i?^^ 

■ ; :iik^^^^44ea^a^ . 

iiiay bypass the portion of the passage 44 b^ee^ 
30 ;ipkssa^s^ 44eai 44eb, 44dsL^ and 44<Ib, FufthcW^ ^l^irig sleeve d and the 



valve member. 44 together define a sliding sleeve valve for controllably pennitHng 
fluidic materials to bypass the btennediateprntiont of the passage 44a between ifae 
first and second p^sages, 44da, 44db, 44ea» and 44eb. Dimng operation, the flange 
44b limits movement of the sliding sleeve 42 in the Imgitudih^ direction^ 
5 The collet 40 includes a s^ of coi^plihgs 40b such ^a^^ for exanq)le, fingers, 

Aat engage the extonal groove 42e of the sUdtihg sleeve 42. During operation, the 
collet couplings 4Gb iatch ovar and onto the external groove 42e of the sl iding sleeve 
42. A longitudinal force of at least dxn^ (10,000^ 13,000 IbO 

is required to piill the couplings 40b off o^ md wi ofmga^^ 
10 groove 42eofthe sliding sleeve 42. Tiie sqq>li(^on of a Icmgitudmal foroll^ than 

about 4.448 to 57.827 IcN (10,000 to 13,0()0 IbQ indicates that tfie collet couplings 

40b are latched onto the external shoulder of the sliding sleeve 42, and that the 

sliding sleeve 42 is in the up or the down ix)sition relative 

The collet 40 includes a conventional intmal shoulder that transfers the weight of 
15 the first tubular si^port nfiember 12 and expansion cone 18 onto the sliding sleeve/ 

42. The coUet 40 fiirther includes a qcmventionai setoff 

the^lincs44cofthevalvemwnber44; 

An annular vaive seat 48 defining a conical internal passage 48a for rece 
a conventional float valve element SO includes an annuls 
20 intannallythreaMiedporticm 

meniber 44,.at one end, and an extemaUy ftre^ 

Alternatively, the float valve element 50 is miitted An annular valve seat mounting 
clraient 52 defining an mt^^ 

valve 50 incliules an internally tiveaded pcnticm 52b for engaging the extmially / 
25 Ihr^ded portion 4gd of the 

ihtetnal flange 52d, iwMd passg^gcs^ and an end meiiiber 52f, having 

AshoeMdefiimganinte^ . . 

iribmtmg element 52 includes a fhst annular recess 54bi having an externally 
threaded portion 54c, ^d a second anniiiar recess 54d, having iah externally thr^ded . 




p(Mtion 54e for engaging the threaded portion 2()d of the 
20/at one end, a first threaded counterbwc 54f for engaging the 
5j2c of the of the mounting element, and a second coiinterbore 54g for mating with 
the Old member 52f of the rnounting element The shoe 54 is fabricated from a 
5 cerairnic and/or a conq)osite material in order to facilitate the subsequent removal of 
the shoe by drilling. A seventh tubular support member 56 defining an internal 
passagie 56a for receiving t^^ 
; ; /pbsiti 
. > j threaded p^ 

: 10 liie annular ifecess 54b of the shoe 54/ 

the seventh tubular siqjport member 56 linrits 

e^cpansion cone 18 in the direction of Ae shot 54 by limiting the longitudmal 
movement of the sixth tubular support member 38. An annular ceiitraiizer 58 
defining jan intenialpassage 58a for movably sui^)^^ 
15 ; positioned within the seyehth;tubular support member 56 Oat includes axial . 

passages 58b and 58c, The centralizer 58 maintains the sliding sleeve 42 and valye 
inemba: 44 is a cenM position widm^ 
> RffcnTngto Fig5.2ah2b, duri^ 

form or repair a wellbore casing by iirplcmenting a mefliod 200 m wWch, as 
: 20 ' illustrated in Figs. 3a-3c, the assembly 1 0 may initially be positioned within a 

wellbore 100 having a preexisting wellbore casing 102 by coi^ling a conventional 
tubular member 104 defining an internal passage 104a to Ae threaded portion 12b of 
the first tubular support member 12 in stq) 202. During placement of the assembly 
I Oyrfthinflie wellbore 

25 assembly 10 are conveyed through the assembly 10 and into the passage 104a by the 
fliud pas»ges52fa, 52fb,54a, 4^^^^ In this manner^ surge pre^^ 

. : fliat can be created during pljicemtt^r of the iassembly 1 0 within the wellbore 1 00 are 
: innumizeA^^^^T^^ 

. peiinh tte fl^ to pass tfaroii^ the clom valve 

-.30 ■ Seat48: " ' ' **■• \ ■ ■ 
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Refeimg to Figs. 4a^ in step 204, flui^^^ 

ihje<*!d into and through the tubular me^^^^ 10 to thereby ensure 

that all of the fluid passages 104a, 14a. 44a, 48a. ^^^^^^ 
properly. 

5 ^efeningtoFigs.5a.5c,mst<i206iabottoiaplugJ 

into the fluidic materials 108 and into the assembly 10 and then lx^-tioneid in the 

t^tPassage44abofthevalven^ 

passage 44a upstream fiom the phig 1 1 0 may be fld^^^^ 

thepassage44adownstieamfiwn fliep^^ i! { 

10 nOmaybeindicated.byacQiTespondinginCT«i^ 
fluidic materiallOS. 

Referring to Figs. 6a-6c, in step 208, the sliding sleeve 42 may then be 
displacedrelativetothevalvemember44bydispladngt^^ : 
. applying, for example, a downward force of approximately 5,000 Ibf on the 
15 assembly 10. In this manner, the tubular member IH the first tubular support 
™»°'*f »2. the second tubular si,^ 

n«mberl6.theexpansSonconel8,^^ l 
:nien^ 

38,thecollet40.aadtheslidingsleevp42an5dis^^ ^ 
20 relative to the e)q>ansion cone launcher 20 a^^^ 
nianher, fluidicmterials wiflun thep^^^ 

: bypasstheplugbypasshigthroughthefe^^^ 
annularpa8sage46.andtim^^ 

ofthepassage44adown8treamfit»rithepiu^ Purtheri^ 
rupture disc 36 is fluidicly isolated fiom this passi^ 14a aiul 44a. , 

^**»^gtoFig;.7a-7c,iiistqi2^^^ 
112n%thenbeiiijectedinto^^ 

^04a, 14a,44a, 44da, 44db, 46. 44ea, 44eb, 48^3^^ 
Avellbpre 100. In dus manner, a harf 
?xanvl«^<^Vimybeinject*^ 
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cone launcher 20 and flie wellbore 1 00 in order to subsequently form an annular 
body of cement around the radially expanded expansion cone launcher 20. 
Furthermore, iii this manner, the radial passage 3Pa and the rupture disc 36 are not 
exposed tp the hardenable fluidic sealing material 1 12, 
5 Referring to Figs. 8a-8c, in step 212, upon the conpletion of die injection of 

the hardoiable fluidic sealing 
may be injected into ffife assen^ly^^W^ md a top plug 1 16 may flien be injected into 
the asis«mbly 10 dong with th^ materials 114 and thd positioned in the 
thnMt passage 44aa of the valve number 44. In tins manner, the region of the ■ 
10 passage 44a upstream from the fiirsitp 

isolated from the first passages. The proper placement of the plug 1 16 may be 
indicated by a con^^nding increase in the operating press^ 
inaterial 114. 

Refemng to Fig. 9a-9c, in step 214, the sliding sleeve 42 
15 displaced relative to flie valve member 44 by displacing the tubular niember 104 by 
applying, for example, an ijpvrard force pf qiproxhnately 57.827 kN (13.000 IbO on 
the assembly 10. In this na^ 
member 12, tbe.second tubt)^ 
member 16, the expansion cirac 18, the am 
20 member 24; the fifth tubular support member 2^^ 

38, the collet 40, and the sliding sleeve 42 are displaced in the longitudinal direction 
relative to the expansion conelauncher 20 and the valve member 44^ In this 
maimer, fluidic materials within the passage 44a upstream of the plug 1 10 may no 
longer b)Tpass the plug by passing through the first passages, 44da and 44db, through 
25 the annular passage 46, and tl^^ 

lie^on of the passage 44a downstream from the plug. Furthcrmpre, in this maimer, 
fli^ rupture disc 36 is no Ipnger fluidicly isolated fix>m ttte fluid pasfsage^ 14a and 

• f I M maybe 

»0: Viftjecteia mto tiiea The! continued injection of the ilu^^^^ 



. may increase the op^tiiig pressure within the passages 14a and 44a until the burst 
disc 36 is opc^ned thi^by permittihg^l^ pressurized fiuidic inaterial 1 14 to pass 
through the radial passage 30a and into an annular region 118 defined, by Ae second 
tubular support niember 14; the third tubular support member 16, the sixth tubular 
5 ajppKHtmembw^sij^^ radthesi^enth : 

ftibdar sq 1 14 within the aumular 

. i^egion^i l& d^;e9d^^ fi^ce iqxm the fifth tubular suppcwtr^^^ ; ; 

is^iiedto tjtieexpai^ In tbis manner; fte expansion 1^ 

10 di^laced relative to the expansion cone launcher 20 ftere^ 
plasticaJly deforming the expansion cme launcher. 

Alternatively in file method 200, the injection and placement of die top plug 
, 1 16 into the liner hanger assembly iO in step 212 may be oni^^ 

Alternatively, in the method 200, in step 202, the assembly 10 is ppsitioned 
15 at the bottom of the wellbore 100. \ > 
As illustrated in Figs. 1 la- Mb, during operation, the assembly 10 maybe 
used to form or repair a wellbore casmg by implemaiting a method 250 in which, as * * 
illustrated in Figs. 3a-3c, the assembly 10 may initially be positioned within a t***^. 
wellbore 1 00 having a preexisting wellbore casing 1 02 by coupling a conventional 
20 tubiilair meniber 1 04 defining an internal passage 1 04a to the threaded portion 1 2b of 
the first tubular support membCT 12 in step 252, During placement of flie assembly 
10 within ffiiew^^ 
assc^ly 10 are; conveyed ti^ 
fluid passages 5?fa, 52fb, 54a, 48a. 4^^ 
25 fli^tcanteci^tedcl^ 
ntinimized T^^ 
pernutthe^fl^^ 

: ^.;sfcat48,; '''■■]■. \ rX'-/.'.'- -.. ^ 

Refenitig to Figi 4a-4c;fa^ fluidic materials 108 may thenbe : 

/ 30 injected into and through the 



that all of the fluid passages 104a, 14a, 44a, 48 a, 54a, 52fa, and 52fb are functioning 
properly. 

Referring to Figs. 5a-5c, in step 256, the bottom plug 1 10 may then be 
injected into the fluidic materials 108 and into the assembly 10 and th«i positioned 

5 in the throat passage 44ab of the valve member 44. In this manner, the region of tiie 
passage 44a upsfream from the plug 110 may b« fluidicly isolated fr^ 
the passage 44a downstream from the plug 1 10. The proper placemrait of the plug 

^ ' 1 10 may be indicated by a corresponding iriCTcase in the operating pressure of thei 

r:;;/fllUdicn / ^ 

10 Referring to Figs. 12a-12c, in step 258, a fluidic matmal 1 14 may dien bcf 

injected mto the assembly to Aereby increase the operating pressim . 
passages 14a and 44a until the biffst disc 36 is opened thereby permitting flie . . 
pressurized fluidic nuiterial 1 14 to pass through the radial passage 30a and into an 
annular region 1 1 8 defined by the second tubular support member 14, the Med 

15 tobularsuppcMt ihember 16, the sixth tubular supikirt member 3 the collet 40, die 
sliding sleeve 42, the shoe 54, and the sevctotK tubular sixppcfti member 56. The 
pressurizjed fluidic mat^al 1 14 wifliin the^u^ region 118 directly q>plies a , 
longitudinal force upofn the flfih tubular support meinber 26 and tlie ^ih tubular ; 
support member 38. The longitudind force iii turn is applied to the expansion cone 

20 ■ 1 8; In this manner, the expansion cone 18 is displaced relative to the expansion 
cone launcher 20 thereby disengagmg the collet 40 and the sliding sleeve 42 and 
ra*aUy expanding and plasticaUydefoniung the expansion cone lau^^ Tb&^ \ 
radial expansion process in step 408 is cicmtinued to a location 1^^^ 
between the expansion cone launcher 20 and the preexisting wellbore ca^ 

25 RefenringtoFigs. 13a^l3c,instq>266,theslidbgs1^^^ 

di^lac^d relative to the valve mcn*er 44^^^^^^^ 
' > downward directibii using die tiM " 
M^^^ 104 a dowiwiurd force of, for exarhple, approxiinaite^^ 

(5,000 Ibf) on the assembly 10: In flus m^er, the coupling 40b df flie co)let 40 

30 . rieengages the external groove 42e of ttie^ sicevie 42». Furtbdrmore, infliis 
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, manner, the tubular member 104, die first tjibuliar support m^nbdr 12, tbe second 
tubular support member 14^ the third tubular sqqiort member 1 6, the expansion cone 
1 8, the annular spacer 22, the fourth tubular suppcst member 24, the fifth tubular 
support member 26, the sbcth tubular support m^^ 
5 sliding sleeve 42 are displaced in the longitudinal direction relative to the expansion 
; coiie launcher 20 and the valve member 44. hithisn^nner, fiuidienraterials widiin 
the passage 44a upstream of the plug 1 10 may bypass tfie plug by piassing through 
the first passages, 44da and 44db, through the amular passage 46, and through Ae : 
se(X>hd passages, 44ea and 4^^ 

10 from the plug. Furthermore, in dus manner, the fluid passage 30a is fluidicly 
isolated fi^om the passages 14a and 44a, 

Referring to Figs. 14a-14c, in step 262, the hardraable fluidic sealing 
material 1 12 may then be injected into the assembly 10 and conveyed tlurough the 
passages 104a, 14a, 44a, 44da, 44db, 46, 44ea, 44eb, 48a, S4a, 52fa, and 52fb into 

15 tl^e wellbore lOO. In this manner, a bardenable fluidic sealing material such as, for . 
exiunple, cem^t, may be injected into tl^ 

. cone launch^' 20 and the wellbore 100 in order to subsequently form an annular' . 
body of cement around the radially ^panded expansion cone launcher 26. 
Fuitherniore, in this manner, the radial passage 30a and die nature disc 36 are not 
20 Exposed to the hardenable iSuidic sealing material 1 12. 

Referring to Figs. 15a-lSc, in step 264, upon die completion of die injection 
of the hardenable fluidic sealing material 1 12^ dienonhardenable fluidic material 
114 may be injected into die assembly 10, and the top plug 1 16 may then be injected 
into the assembly 10 along wjdi the fluidic materials 1 14 iuid then pbsitioned^in thel - 
25 throatpassage44aaof die valve member 44. In diifmanner, die region of the 
passage 44a upstream fi-cmi die first passages» 44da s^^ 
isolated fiTpm the fi The proper plaeeoictit of the plug H 

indicat<^ by a cpi^^ in die operating pressui^ of ihe fluidic 

materialll4. 
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RcfcimgtoFigSr 16a-16c, in 
displaced rela^ve to the valve member 44 by displacing the tubular member 104 by 
. ^ applying; for isxanq>le, an upward force of approximately 57.827 kN (13,000 Ibf) on * 
the assembly lOi In this manner, the tubular member 104, the first tubular support 
• 5 nienAcr 12, the second tubular^ 14, the fliird tubular support 

member 16, the ^knsion cone 18, the annular spacer 22, the fourth tubular support 
mieniber 24, the fiflh tu^ 

38^ the collet 40, and the sliding sleeve 42 arc displaced in the longitudinal direction 
relative to the expansion cone launcha^ 20 and the valve member 44, In this 

10 manner, fluidic materials wiifliin tiie passage 44a iq)stream of the plug 1 10 may no 
longer bypass the plug by passing through the first passages, 44da and 44db, through 
the annular passage 46, and through the second passages, 44ca and 44eb, into the 
region of the passage 44a downstream firom the plug. Furthermore, in this manner, 
the passage 30a is no longer fluidicly isolated fiom die fluid passages 14a and 44a. 

15 \ ^flaring to Figs. 17a-17c, in 5tq> 268, flie fluidic inaterial 1 14 may be 
injected into the assembly 10.^ The comtihued injection of Qie fluidic material 114 
: rmy iherease &^ 

■ annular regi<»i 118. Tlie pressurized. flindjcma^ < 
, 1 18 directly ^iies a longitudinal force upon ttie fifth tubular support member 26 
20 imd the sixth tobular support meniber 38. 
. the expansion cone 1 8. In this mann^, the expansicm cone 18 is displaced relative 

to tiie expansion cone launcher 20 thereby completing; the radial expansion of the 
. expansion cone launcher. 

AUemativeiy, in the method 250, the injection and plac^ent oif the top plug . 
25 : 1 16 into the liner hanger assembly 10 m step 264 may 

; Altemative]y, intben^thod2S0,instep252,the^(^^ ., 
atthebbttofa 
V ■ ^^^^^^ : )^ 
: 'pkjsitidned 

30 1 02, ind (2) in step 258^ the expansion cone launcher 20, and any expandable 



tubulars coupled to the threaded portion 20c of the expansion cone launcher, are ^ 
radially expanded and plastically deformed until die shoe 54 of the assembly 1 0 is 
.proximate the bottom of the wei^ In this niaiuier, the radial expansion 
process using the assembly lO. provides a telescoping of the rs^ 
5 tubulars into the wdlbpre 100./ 

Ilie assembly 10 may be operated to form ^a^^^ 
; excluding the float valve 50. - ; v 

llie float valve 50 nmy be 
are positioned betWe^ the float valve 50 and the valve seat 48. In this maimer; 
10 fluidic materials within the wellbore 100 may flow into the assembly 10 j5rom below 
thereby decreasing surge pressures during placement of the assembly 1 0 within the 
wellbore 1 00. Furthermore, punq>ing fluidic materials through the assembly 10 at 
rate of about 12 to 2mVmin ( 6 to 8 bbl/min) will displace the tabs from the valve 
seat 48 and thereby allow the float valve 50 to close. 
15 Prior to the placement of any of the plugs, 1 10 and 1 16, mto the assembly 10, 

fluidic materials can be circulated through the assembly 10. and into the wellbore 

; 100.' . • •■■*" , 

Once die bottom phig 110 hais been positioned into the assembly 10, fluidic 



: 26.: if the sliding sleeve 42 is in the down position. 

Once the sliding sleeve 42 is positioned ip die down 
: and ruptoe disc 36 are flu^^ 

yy]--\o.:\ \:\-''--::'. ^. -\ - " v^-:-^- y ' ■:'[ ' '. • 

C)nce die top plug 116 has been 
25 ;^-n^^ assembly 10 mid into (he weUbore 100. 

'/:][:": the assembly 10 niay be operated: to fom 

^^^^^ :p 

RcfOT 18, 18a, 18b, mid 18^^^^ 

• includes a first tubular sii^ 
Soi includies a threaded couhterbore 3 i2b at one end^ and a threaded counteibore 312c at 



16^ 



anotherend. A sec(mdtubulsff support tnmber314d^ 
314a includes a first threaded portion 3l4b ?t a first aid that is coupled to the , . 
threaded counterbore 312c of the first tubular 

3i4c. a counterboHJ 314d, a threaded portion 314c. and internal splines 3 Mftf ■ , 
5 anolher«mi The stepped flange314c of the second tubular suivottm^ 

At^tubulai:>i^ 
receivkg the Second tubular 

swiond flinge 316<^ a first wunteibore^^ couaterfwre 3l6c having an 

10 internallythreadedportion316Caridaniii^ 

316c fiirflier includes radial passages.316h w»d 316i- 

An annular expansion cone 318 defming.an internal passage 318a fi»r , 

ieceiving the s«jcond ani fliird tubular support in^^ 

coiintabore 3 J 8b at one eiKl, and a counteibw 
15 iheflange31dboftt.esecondtubularsupportnie^ TTieanniilar«cp?nsioii 

cam 318 further inchidw an aid feicb318d thatinates with an end face 316j of the 

flange 3l6c of theWndtubjiIkr supp^ 

having a corneal |*ape in order to fe^^^ 
- A tubular expaii?iort cone launcher 320 is movably coupled to the exterior suriace J 
20 318e of the ocpansion cone 3 18 and includes a first portion 320a havirig a first wall / 

thicknessi a iwcond portion 320b having a second wall 

320catoneend,andatbreadedportion320datanotherend.Thesecondp^ 

320bof the ejiansion cone launcher 320 mates with the conical outer surfe<^ 31 8^r 
of the expansi^ cone ^18, The second wall tWdcness of the second portion 32^ |8 
25 less flian the first wall thickness of the first portion 320a in order to optimize f 
radial expansion of the expansion cone laundier 320 by the rela^ve axial : 
displa<*nient6ftheex^ Oneormorera^a^W^t^^l^rs^a^ 

coupl^to&ei^ 
ihiBui^.tlieaifen* 
3d for example, thousand^ of fed of («iwaid^^ - . . 



Ah annular ^cer 322 definmg an internal 
second tubular suppcnt ineniber 314 is tecei^ 
expansi(H) cone 3.18, imd is positioned betwe^ 

support member 3}2 and ah end face of the counterbore 3I8b of Ibt expansion cone 
5 318. A fourth tulHilar support ni^^ ' 
receiving the second tubular support member 3 14 inc^^ 
received witfiin the couhteiW 

fifth tutelar siqiport h^embier 326 defining ah internal 3f26k for re(>siving the 

second tubular support mcm]ber 314 includes an int^nal flange 326b for mating with 
10 the flange 314c of the second tubular support imemb^ and a flange 326c for mating 
with the internal flange 3 16g of the third tubular support member 316^ 

An annular sealing member 328, an eihnular sealing and support member 330, 

an annular sealing niembcr 332, and an annular sealing and support member 334 

* • ■ ■ . ' ■ ■ • • ■. 

received within the counterbore 3 14d of the second tubular support member 314. ^* %\ 
15 The annular sealing and support member 330 further includes a radial opening 330a - 
for supporting a rupture disc 336 within the radial opening 3 14g of the se^ 
tubular support mmiber 314 and a s^hgmem^ '""^' "^ 

opening 3 14h of tlib second tubular sup{^ 

support member 334 fiirthCT includes sealing members 334a and 334b for sealing the ^ • • • ; 
20 radid openings 3 14i and 3 14j, respectively; of the second t^^ 
314. The rupture disc 336 opeik 

opcning330b is about 6,894 J45 to 34,473 JMCT^ in thjs 

maimer, the iiq>ture disc 336 provides 

flow offhiifiUcniatefids through t^^ . 
25 ' assc^IySOOincIudeis apI^ 

ru|3bxediiscs336.''.- 

A tulwlar 
m«»yiiigd^^^ 

at one end that is coupled to the threaded p<^ support : 

30 meiril^ 316 and a fl^ 



of the expansion cone iaimdia; 320! An amiul^^^ 
ipoition 2K0a &at is cbi^)]^ 

$iq>poit member 314, and a resilient cotipling 340b at another eod^ J^ 

An annular sliding sleeve 342 defining an tntmal passage 342a includes an 
5 internal flange 342b, haying sealing inen^^ 342c and 342d; and an e?ctemal 
. gi'dove 342efor releasabiyengagiiig t^^ 

and an internal flange 342f, hayin 342g smd[ 342h;:a^ 

; pmihg cfpcr^iiony the coupling: 340b of the collet 3^ tlw ^xtenal 

grooye 342e of the sliding sleeve 342 and flioneby displace.tfae slidmg sleeve in the 
10 longitudinal direction. Since the coi^iling 340b of the collet 340 is resilient, the 
collet 340 may be disengaged or reengaged with the sliding sleeve 342. An annular 
valve member 344 defining an internal passage 344a, having a throat 344aa, 
includes a flange 344b at one end, having external splines 344c for engaging the 
internal splines 3 14f of the second tubular support member 314, an interior flange 
15 344d having a first set of radial passages^ 344da anid 344db, and 2l counterbore 344e, 
a second set of radial passages, 344& and 344fl3>^^^ 
. .another Old;;-'-' ' '^v-^.-^..^. 

An annular valve member 346 defin^ 
throat 346aa, include an end portion 346b that is r^ the counterbore 344e 
20 of the annular valve member ,344^ a set of radial bpenmigs, 346ca and 346cb, and a 
■ flange 346d at ianotiier end. An annular valve member 348 defining an mtenia^ 
passage 34ga for receiving the annular valv€| members 344 and 346 includes a flange 
348b having a threaded counter!^ 

portion 344g pf the annular valve member, a counterbore 348d ifor mating with the 
^5 flange 346d of Ae annular valve 

'.another end.' 

Thejmiiuiarvalvii^^ 
■ thatfluidicly ' 
l^iiril^ 

passages. 344da and 344db, may be fluidicly coupled to the passages 344fa, 344fb, 



i46ca, 346cb/and Inthisirianner/fluidicmateri 

fte paisMge 346a betW 

Furtiiermore^ &e sliding sleeve 342 

tpgedierdefbea^^^ 
v 5 bypass tte mtennediate 

344<fl>» 346ca, and 346cb; During operaticm of fiie sliding slmVe valve^ flange 

348b Unnts moveip^ 
: . ■ ^- 

groove 342c 6f the sliding deeve 34f/ During opeiatipri^^ collet couplings 340b 
10 latch over and onto the exteraargroove342e of the sliding sleeve 342. A 

longitudinal force of at least about 4.448 to 57.827 W (10,000 to 13,000 Ibf) is 
required to pull the couplings 340b off of, and out of engagement with, the extCTnal 
groove 342e of the sliding sleeve 342. The application of a longitudinal force less 
than about 4.448 to 57.827 kN (10,000 to 13,000 Ibf) indicates that the collet 
15 9oi4)lihgs 340b are latched onto the external shouldcir of the sliding sleeve 342, and 
/ftat the sliding sleeve 342 is in Ae lip 
member 344. Ilie cqllet 340 includes a cotiyoitiona] internal ishoulder tihiiM^ 
the weight of the first tul^ 
sUding sleeve 342. The collet 3^ 

lugs for engaging the splmes 344c of the valve member 344, . : 

An annular valve seat 352 defining a conical internal passage 352a for 
receiving a cony entio^al float val^^ 

352b for oiga^ng the flnirad^ [ 

and an. eternally threaded portim 
25 valyeelemeiit354isomitM*. Anannt^ 

2^ ;^ 
V includes an intei^ extemajly threaded 

pprd^ 352c of the valyeieat S^^ 

flai^ge 356d, radial p^ssagie$,356^^d . • 

3Q ax»i passages, 356^^^^ 



• ■ .- • 

• • • • 



: r A shoe 358 defining an jntoinal passage 358a for receiving the valve seat 
mounting element 356 includes a 

threaded annular recess 358c for engaging the threaded pcMtion 320d of the 
expansion cone launcher 320, at one end, a first thr^ 

engaging the threaded pxntion 356c of the of tiie valve seat mounting element, and a 
second couptcrbore 358e for mating with the end member 356f of the mounting 
element The dioe 358 is fabricated from a ceraim and/or a composite material in 
order to fadlitate the subsequ^t reni^ 

A seventh tubular siippprt member 360 defiiung an internal passage 360a for 
receiving the sliding sleeve 342 and the valve members 344, 346, and 
positioned within the expansion cone launcher 320 that includes an internally 
threaded portion 360b at one end for engaging the externally threaded portion of the 
annular recess 358b ofthe shoe 358. During operation of the assembly, the end of 
the seventh tubular support member 360 limits the longitudinal movement of the 
expandon cone 3 18 in the direction ofthe shoe 358 by linut^^ : 
movement of the sixth tubular siq>port mend>er 338. An annular centralizer 362 
defining ah jntmial passage 362 fir siippbiting t^^ valve m^nber 348 is positi<med 
within die seventh tubular support member 360 flmt includes axial passages 362b 
and362c.'" \. 

; Refenring to Figs. 19a-19b, during qperatioa, the assembly 300 may be used 
to foiin% repair a wellbore casing by implementing a mediod 400 ui which, as 
illustrate! in Figs. 20a-20c, the assembly 300 may raStially be positioned wifliin a 
wellbore 1000 having a preexisting weUb^ 
conventional tubular meniber 1004 defming m 

thread^ pOTtion 312b of the first tubular suj^kmI member 312 in step 402. During 
placement of the asseihbly 300 within die wdibdre 1000, fiuiidic materials 1006 
wiAinAewelI]to^ 

; a^^hbly3ba aji^ passage lOjMi by dib fluid passages 356fa, 356fb, 352a, 

348a, 346a, 344a, and 3 14i In this manner, surge jpressures that can be created 
during placoi^nt of the assembly 300^^^^ w^llbore lOOO are minimized The 



float vaive element 354 is preset in an auto-fill coniBgiiratioh to permit the fluidic 



Referrinj^to Figs. 21a:21c, in step 404» fluidic materials, 1008 may then be 
mjected into and tlirough the tubular member 1004 mid assembly 300 to thereby 



3S6fbarefimcti(mmgpn^^ r ^ 
Refening to Ftgsv22a-22c«^^m 



positioned in the throat passage 346aa of me valve niember 346; Iri this maimer* the 
10 region of the passage 346a upstream frbm tiie plug 1010 may be fiuidicly isolated 
from the region of the passage 346a downstream from the plug 1010. The proper 
placement of the plug 1010 may be indicated by a corresponding increase in the. 
operating pressure of the fluidic material 1008. 

Referring to Figs. 23a-23c, in step 408, the sliding sleeve 342 may then be 
15 dij^laced relative to the valve member 344 by displacing the tubular member 1004: 
by applying, for example, a downward force of apjroximately 2J24 kN (5,000 IbQ 
on the assembly 300. In this mamner, the tubular menabw^ 1004, die ftst tubular^^vC; 
support member 312, the second tubtilw: support n^inber3)4^ the:j^^ ^ . , ^ 

support niember 316, the expansion cqne 318, the annular Spacer 322^ the fourth 
20 tubular si^yport member 324, the fifth tubular suj^ membe^ 326, the sixth tubular 
isvipjpoTt member 338, the collet 340, and the sliding sleeve 342 are displaced in the 
. IcHigitudinal direction relative to th^ expansion cone laundier 320 and the i^ve ^ 



■ • 'f.'j • ■ 



25 344db, 
344ft); 




, 346ca aiid346cb, into 
l^ii^ennorti in tto^ 

rn^ner, the rupture disc 336 is fiuidicly isolated fix>m flie pdssa|;e^ 3 i4a and 344a; 
Referring to Figs. 24a-24c, in stq^ hartiehable flwdic sealing material 



■r J<»4^Wa,344a.344da.344db,342a.344fe.344ft^ 

352a.356fa,and356fi)inlotheweIIbo^^ b mamer. a haideJwe fluidic 

; region tetweenft^ 
,5 subseque^^ 

, e^c^cope 1^ 32a Furthennore. ip this maimer^ the radial pa^ 330a 

i # S :.;;;|*^8lo Ifi^ 25a.25cv m step 4l2,upc^thj» bompletion of the injection 
.■10;y offl^^^ 

. . ,1014inaxbcinje«*^ 

Nected into tte asseriAiy 3Q0 along with the fl^^^ 
. l^iti™«>Wfl»ethroatpassage34^ 
. . «8i«>ofA?Passage344aui«rtreamfipmthetop 
15 , ^Jatedfe,mregiondov»nimeamfix,mth^ 
:pl»gl016n»ybeindic.tedbyacon«^ 
, ■ i^e flindic inate^ 

;;Sdisplacedrelativetc.tI^ 

byapplyin&forexan,ple,anupvr^ * 

cm the assembly 300. In this nianner.A^ . 

support member 3 12, the second tubular s^ppqrt In^ 

supportmember31^.theexpansipncone318.the.a^^ 

tobular support member 324. the fifth tubular support member 326; the sixth tubular 
««PP(«nK«,ber338.thec^^^^^ 

longitu^in^directionrelativetothee^^ ; 
.ne^344. In tiusma™^ 

^^ttomjaugWiOm^^ 
.&stpassages.344daand3^^ 

^^dpass««;344&ffluI344fb.t^^^ 
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passages, 346ca and 34i5cb, into rcgicMi of the passage 

bottopi plug. Furthennore, in diis manner, the nijpture disc 336 is no longer fliiidicly 
isolated from the fluid passages 3il4a and 344a. 

Referring to Figs. 27a-27c, in step 416, &e fliii^^ 
5 injected into flie assembly 300. The continued injection of fte flui^^^^^^^ 

burstdisc336 is opened thereby pernutting the pressurized 10l4tp 

■ pass through the radial passage 330a arid ^m^^ 

sea>nd tubular support meniber 3 14, the t^ 

10 tubular suj^rt member 338, the collet 340, the sliding sleeve 342, the vd^^^ 

members, 344 and 348, the shoe 358, and the seyenth tubular support member 360. 

Thepressurized fluidic material 1014 withm the annular region 1018 direct^ 

a longitudinal force upon the fifth tubular support member 326 and the sixth tubular 

support member 338. The longitudinal force in turn is applied to the expansion cone 

15 31.8, In this inanner, the expansion cone 3 18 is displaced relative to the expansion 

. • " , ■•. . ' ' ' .- ' • ' 

cdnelaunchar320ttereby radially expanding and plastic^ *•* 

expansicmcoiielaimcfaer. . : 

Alternatively, hi fte me^thod 400, the inj^ 

1 01 6 into the liner hanger asseinbly 300 in Step 41^^ • ' X i 

20 Alternatively, in the method 409, in stq> 402, tfiis assenibly 300 is positioned * 

at file bottom of flie wellborelOdO. I 
As mustrated in Figs. 28a.28b, during <qjeration,^a^ 

used to form rqwir a wellbore (ca^ 

iUusrtraW in Fig?. 20a.20c, the assembly 3 W 
25 wdlbore 1000 having a p^^ 

conventional tubular inert^ i 004 defining 

threadi^ portico s 12b of the fi^^ 

placemwit of the aiss^ 

30 assembly 300 md into the pass^ige 1004a by tiie fluid passages 356fa, 356fb, 352a, 



348a, 346a, 344a, and 3 14a. In this maimer, surge pressur^^^ 
during placement of the assembly 300 within the wellbore 1 000 are minimized. The ■ 
float valve element 354 is pre-set in an auto-fill configuration to permit the fluidic 
: materials 1006 to pass through the conical passage 352a of the valve seat 352. 
5 Referring to Figs. 2 la-21c, in stq)454/in step 454, fhiidic niateri 

niay then be injected mto and through tb^ lOkM and assembly 3(X) to ; 

thereby ensure that an of Ae fii^^^ 

356fi, and 356fb ai^ fimctioningj^^ ^ ' 

Referring to Figs. 22a^22:c^ in step 456, ^e bottom ph3g 101 O mayi^ ; 

10 inje(^ into the flmdic materials 1008 

positioned in the fiiroat passage 346aa of the valve meniber 34iS. In this manner, the 

regi<ni of thepas^e 346a tq)Stream fixnnthe plug 1010 may be fluidicly isolated 

from the region ofthepass^e 346a dpwmtres^ Theproper 

placemrat of the plug lOlO may be indicated by a corre^xniding increase in the 

15 opmt&igpressimbf thi^flui^c^^n^^ 

■ •. . ' " ' • . , " ' . ■ . '■ . • • 

Refeinng to Figs. 29a-29c, in step 458^ the fluidic material I0I4 may ftipabt ' • ' 

injected into the asscanobiy 300 to fbereby increase flie opor^g pressure withiiai A^^ ; • * 

passag^ 3 14a and 344a uiiti) the burst disc 336 is opened thereby permittm^ fiie / ; 

presswized fluidic.niaterial 1014 topasstiuough the radial passage 330a and into 

20 amularregion 1018 deemed by the dejQn^ 

3 14, the third tubular supiwrt niember 3 16, the sixth tub 

the coUet 340, the sliding sleeve 34X the valve membc^ 

and the seventh 

within the annular region 1018 directly ^lies a longitudinal forpe upon the fifth 
25 tubular support member 326 and the sixth tubula^^ 

longitudinal force in turn is qjplied to the expansion c^e 318: In this msum 
expansion (x»ie 318 

As)^ging|iJ^ 34i>aind the didi^ : 
pliMj^cally dtforining the expansion cpiie lawicher. th^ radial iexpaiision prb^ in : 



: step 458 is continued to a locati<»i below the overly between the expansim cone 
. laimcher 320 and the preexisting welibore casing 10^ 

lUfeiTing to Figs. 3(te-30c, in step 460, the sliding sleeve 341 
displaced relative to the valve member 344 by (1) displacing the expansirai cone 318 
5 in a downward dirertion using the tubular member 1004 and (2) applying, using the 
tubular memb^ l 004 i down\rard force of, for example, approximately 2.224 jcN . 
(5,000 Ibi) on theasei^ly 300. In this manner, Aecoltplmg 340b of the coMiAO: 
reengages the external groove 342e of the sliding sleeve 342. Furthermore, in this 
jnannw, the tubiiilar meta>a 1004, flie first tubular sunx»t meinber 3 12, die secoirf 
10 tubular suppcrt member 314, the third tubule 

cone 318, the annular spacer 322, die fourth tubular support member 324, fte fifft 
tu^ar siqqiHxrt member. 326, the sixth tubular si^rt member 338, the collet 340, 
and the sliding sleeve 342 are displaced in the longitudinal direction relative to the 
. ejqMns|<to cone layhdier 320 and (he Valve m 
15 materials within the passage 344aHpstream of the bottom plug lOlO may bypass flie 
plug by passing thrpugji the passaj^, 344da and 344db, Ae annular passage 342a, 
the passages, 344fa and 344f^ the amu^ 

346cb, into ihe passage1348a downstream fiom flie plug; Furdicmiore, in this ' 
manner, the fluid passage 330a is flmdiclyisola^^ 314a ahd 

20 ■ 344a.. ■ '• . ' ^ .. .N . V- ' ''^.'^''-^ 

■ RefeiTingtoFigs.31a-31c,in>q)462,theha^^ 

material 1012 may then be injected into the assembly3q0 and conveyed throu^ fte 
, passages ^004i^ 314a. 344a, 344da.344db. 342,3446, 344fl>, 3 
, 348a, 352b. 356fa, and 356fb into the wcllb«^ 
25 fluidic sealing material such as, fiwr example, cement; may be injected intp the 

annulai-iiegioiibetwe^Uie expansion cw^ 
^ order to subsequenUy form an annular bcxfy 

; > expaasiOT CMC launcher 320. Furtherniore, in this iianhi*, theiadial passage 330a 
aaifiui rapture disc 336 are not exposed to the jiardenaWefluidic sealing matwiali 
ip 1012. 



Referring to Figs. 32a-32c, in step 464, i^h the completion of the injection 
of the hardcnable fluidic sealing material 1012, the nonhardenable fluidic material 
1014 may be injected into the assembly 300, and the top plug 1016 may then be 
injected into the assembly 300 along with the fluidic materials 1014 and then 
6 positioned in the throat passage 344aa of the valve member 344. In this manner, the 
region of the passage 344a upstream from the top plug 1 016 may be fl^^ 
isolated from the region Avithin the passage downstream^i^^ 
proper placement of the plug 1 01 6 may be indicated by a corresponding ina:ease in 

M Refeiring to Figs. 33a-33c, in step 466, flie sliding sleeve 342 may then be 

displaced relative to the valve member 344 by displacing the tubular member 1004 
by applying, for exaniple. an upvrard force of appro^^ 
on the assembly 300. In this niamier, the 'tubular m^^ 
support member 3 12, the second fubidar su{^rt membo' 3 14j, the thiid tubular 
15 support member 3 16, the expaiision cone 3 18, Uie anmilair spacer 322, die fourth 
tubular support mendber 324, the fifth tubular siipport mcmbw 326, the sixth tubul^ 
support inember 338, the collet 340, and Ac slifUng sle^e 342 are^ 
longitudiiud direction reliatiye to:^^^ launcher 320 and the vialve-"^ ' ' 

mcmber 344. In this manner, fluidic matcaials Wiam 
2iQi : the bottom plug 1 1 0 may no longer bypass the plug by passing through the piassages, 
344da and 344db,th^ annular passage 342^ : ^ 

annular passage 350, and the passages, 346ca and 346cb, into flie passage 348a 
downstream from the plug. Furth«more, in this manna', die passage 330a is no 
longer fluidicly isolated from the fluid passages 3 14a and 344a. 

Referring to Figis. 34a-34c, in st^ 468, the fluidic material 1014 may be 
injected into tihe assembly 300. The continiied tojectic^ fluidic material 1 014 
may increase fte opc^tirig pressure witfiirt M 3 14a, 330a, and 344a and 

the aniiuisriegioh 1018. Tlie iwes^ . 
^ itgioii 1018 directly af^^ 

fnembi^ 326 aiid Oe sixth tubular siq)i^ !b<^bea^^338. T^^ force in 



turn is applied to the expansion cbiie 3 1 8. ;In this manner^ the expansion cone 3 1 8 is 
displaced relabVe to the exp^ 
expansion of the expansion cptle laimchqr.^^ 
Alternatively, in fte^^ 
5 1016 into the liner hanger assembly 300 ^ 
Alteniatively, in the method 450, 
^ the bottom of me welliixTO lOOO! ^ • 

' V Altemativdy, in flie^m^od ^ 
positioned proximate a positira^^b^^^ 

10 1 002, and (2) in step 458. the expansion cone launcho* 320, and any expandable 
tubulars coupled to the threaded portion 320c of the expansion cone launcher, are 
radially expanded and plastically deformed until the shoe 358 of the assembly 300 is 
proximate the bottom of the wellborelOW). In this manner, the radial expansion 
process using the assembly 300 provides a telescoping of the radially expanded 

15 tubulars into the wellbore 1000, 

The a^embly 300 imay be operated to forih a weinK>re c^ 
exdudingOieflp^ 

The float valve 354 niay W operated i 
ta^s are positioned between flie float valve 354 and the valve seat 352. In this 
manner/fluidic mterials witMn 
ftom below thereby dealing 3ittge pr«ss^ 
, 300 within the wellbore 1000. Fu^^ 
assembly 300 at rate of about 12 td 2m'Anin (6 tb *bbl/min) will displace the tabs . 
ftpm the valve seat 352 and thereby allo^ 

Prior to the placement of any of the plugs, 1010 and 1016, into the assembly 
300, fluidic matfaids canbe cirtulated^fl^^ 
wpllbore 1000. 

Once the bottom p^^^^ 

fluidic nmtenak can oiilybe the assembly 300 and mto die 

wellte^^ 
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CLAIMS 

. 1 . An apparatus for forming a welibore casing in a borehole in a subterraieari 
fonnatioi^ conq>ris]ng: 

5 means for radially expanding and plastically deforming an expandable tubular 

; niieinben and'.. ,^ '■ 

; a haraenaDieuuioicseaimg material ihtoaii 

lo-'; 

sliding sleeve valve. 




2. Ah a^aratus for coupling an expandable tubular TO 
structure, comprising: - 

15 "*eans for radially expanding and plastic^^^^^ 

.mnnb^ vntbin the prcexistihg st^^ 

)rneans f^^ injecting a hardieimble fluidic seeing nateri^ into an anhuhis : 

20 annulusbetv^ 

comprises a sliding sleeve valve.. V 



•••• 



30 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 



LJ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




